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1 . Field of the Invention: 
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The invention relates to a structure and /fabricating raerhod-^/joptic 
protection film that provides anti-static and anti-glare function. In particular, 
the invention relates . to a plastic substrate structure comprising conductive 
particles and tiny particles in different size so as to achieve the foregoing 
functions. 
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10 2. Background of the Invention : 

Glass substrate or transparent plastic substrate is one of the essential 
eleriients in a flat display, and w h e rein the transparent plastic substrate 
suipasses the glass substrate/pn lighter weight and^un£asy-bkrvro^ 
/the plastic substrate st^fl- has its weakness, such as adsorbing #^ dust easily 
because o f s tatic e lectricity. To Htk^l iquid c rystal d isplay a s an e xample, 
^traditional Simple Matrix liquid crystal display (SM-LCD), whose structure 
is shown in FIG. I, comprises (from top to bottom) a hard coating layer 13, a 
conductive layer 12, a protection film 11, a polaroid 10, a glass substrate 30, 
a row electrode 50, a liquid crystal layer 80, a column electrode 60, a 
dichroic filter 7 0, a glass substrate 4 0, a polarizing filter 20, a protection 
film 21$ a conductive layer 22, a hard coating layer 23. FIG. 1 shows that the 
liquid crystal molecule is located between the row electrode 50 and the 
column electrode 60 and is driven to turn by the exteriorly provided driving 
voltage. But some problems may be occurred in SM-LCD such as (1) 
cross-talk accomplished with tne/ i ncrease of scan electron (2) changes- 
-aeeutnuteti^^electro field interference, and liquid crystal operating issue 
that happens in the top and bottom polaroids. So in the manufacturing 
process of polaroid, protection film and release film will be pasted in both 
top and bottom sides respectively. The function of the protection film is to 
protect the film surface 'of the polarizing filter, avoiding damage in the 
manufacturing or d elivering. And the r elease film i s u sed t o c any o n t he 
sticking protection before panels are plastered. When the protection film is 
being torn, the film surface will accumulate static electricity because of rub, 



1 

and then the^r-emamed static electricity will attract the foreign bady^-Oft the 
other hand, when release film is being torn in manufacturing process, it will 
also produce the static electricity accumulation, which will not only attract 
the foreign body but also result in deviation in the matching process of panel 
plastering, which effects the process yield. Therefore, the anti-static 
anti-glare film (AS AG film) is designed to solve these, issues. The .ASAG 
tilm on the whole contams tliree layer etras ftoictions as desenbed^evtou'S^ 
which are a hard coating layer 13, a conductive layer 12, and a protection 
film 11. 
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10 In the anti-static technology, sputtering method also can be used to form 

conductive layers. It can produce more uniform grain size particles, better 
adhesion with substrate, and better optic character. But because the process 
f^^em^e^vQG^m-^i a vacuum camber, there are still disadvantages that th e 

irv:/odi"3 ve^/h^Vs e^>p/^*f c^s 4 ^ .<sc . 

^ equ*pmen^e^t-4£^^^ film of raw material is not easy to 

operate in s^&h^a^vacuum chamber. There is another way to form the 
conductive layer that uses the wet coating method, which is a two-layer 
coating method enclosed by Dai Nippon Printing Co., as shown in US patent 
6,146,753, forming a transparent conductive layer and a hard coating layer 
successively on the transparent protection film (abbreviated as "plastic 
substrate" hereafter). Wherein the conductive layer contains conductive 
particles of antimony TiN oxide (ATO) or indium TiN oxide (ITO); its 
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surface impedance is ^10 £H-Eh and can reduce the electrostatic 
generation. The increased conductive layer can reduce . the surface 

o 7 

impedance to l^^/Q^44)~-^0-or l -se T so as to prevent a great deal of static 

electricity A efeattorrr- Because ^ the consideration of me transmittance, 

generally the thickness is about 5|im. The conductive layer is not hard 

a** f*lts> ^ of • 

enough^easilylfeHing off when colliding, so it needs to- coat <a hardened resin 

/|4©^strei : ^gtheii^ Moreover, because the hardened resin has no electric 

conductivity, iTTT ceds tu adtt conductive particles^to extend the conductivity 

and remove the. accumulation charges. However the conductive metal 

particles are very expensive, which greatly raises the coating cost and the- 

* * 



The hard coating layer is coated with the mixture of hardened resin and 



10 



conductive metal particles; the hardened resin . provides the basic 
requirement of hardness, and the conductive metal particles provide the 
electric conductivity between the coated surface and the conductive layer. If 
the thin film wants to increase the anti-glare function, the hard coating layer 
can be added, with nano-level tiny particles, which can scatter the incident 
light to provide the anti-glare function. 

The Present invention is tq6( aim at the neeessafy-of-the- plastic substrate 
to-provkks /pn optic protection film with anti-static and anti-glare function, 
solving the foregoing fabrication issues. 



Summary of the Invention 



The major objecti ve of the present invention is to provide a fabrication 
method of an optic protection film, which A 4s-4e^ad4 some conductive 
15 particles to^att-a-m--t-he anti-static function when forming the conductive layer 
onto the plastic substrate. 

Another objective of the present invention is to provide a fabrication 
method or an optic protection film, which * s to ad d some tiny particles so as 
to -attmrrtnre^T^ the conductive layer onto the 

20 plastic substrate. 

The other objective of the present invention is to provide a structure of 
an optic protection film, which has better hardness and better adhesion^A^th, 

First, a plastic substrate, the material of which is Cellulose Triacetate or 
25 polyester, is selected, and then a conductive layer is formed on the plastic 
substrate. The conductive layer is a double-layer resin film structure made of 
two kinds of differentyresins. In the beginning, some conductive particles, 
which have two different grain sizes, are melted into resin A to enhance the 
conductive effect of resin A. The resin A that contained - conductive particles 
30 is coated on the substrate by wet coating method. Then4l?e mos^aTcohol in 
resin A is evaporated in the hot bake step so as to fasten the resin A; the 
thickness of resin A is less than tl^Bigger grain size^conductive particles in 
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resin A after hot bake. And then a polymer in resin A can process 

polymerization to strengthen the structure byjfaermosetting or^ultraviolet 

light curing method. Next, some smaller Si02 particles are added into resin 
B that has/ v better hardness to attain the anti-glare function. The resin B 
5 contained tiny particles is coated on the resin A and fills all the gaps between 
the conductive particles. Then resin B is strengthened in the hot bake and 
T thermosetting ofy ultraviolet curing step. At this time, because the grain size 

are " periphery ^FfWe/ 

of the conductive p articles-fsdarger, at least the upper ^mR^of-trop^n]^ 

eJiWr "+*»aC.Vi or exposed -+Kr*u3h4n> 

bigger conductive ]WtirJe^rereH^ expQ fr^n ^h^--^^^ 
10 upper surface of resin B so as to prevent charges accumulating in resin B 
and to attain the anti-static effect. Thus, the optic protection film with 
anti-static and anti-glare function is accomplished. 



15 Brief Description of the Drawings 



Fig. 1 is a sectional view of the traditional SM-LCD. 

Fig. 2 A is a sectional view of the plastic substrate according to the 
embodiment of the present invention. 

20 j Fig. 2B is a sectional view of the conductive particles according to the 
embodiment of the present invention. 

Fig. 2C is a sectional view of the conductive layer with anti-glare 
function according to the embodiment of the present invention. 



25 Detailed Description of the Invention 

The present invp.iiiinn^ni^i nly to pm idd^-4kf*H^ o f electricity 
conductivity and anti-staticflby adding at least two kinds of different size 
conductive particles, t hat - is; so me bigger conductive particles and some* 

P A t+*%\LS*«- Added A . 6 . , , . , 

30 smaller conductivemamel-^s-, into resin A that|eefflp»s©s the conductive layer. 



A 

Wh^^k^he^thickness of^sohdified resin A is larger than the grain size of 
the conductive particles eft smaller grain size, heweva^less than that of the 



conductive particles c^^bigger grain size. Resin B is composed of i&6r£~ 
relatively high hardness material, coated on resin A to be a hard coating 

■ 

5 layer. Moreover, in the foregoing conductive particles of bigger grain size, at , 
least/ to^^^peMq^ of partial bigger conductive particlesa can - tou c h to or 
xexpese-4«-4he exterior of t4%upper surface of resin B,AContacting the external 
environment. S^gxsin B need not t o add cxtr a ^c onductive m etal p articles 
aH^ere7^3lrt(the charges of resin A can be released to the exterior, avoiding 
10 , accumulating in resni4Br^trchrt^n-attd^ the anti-static function, jsimpiiiy the 
iabrication process, and r&du-Ge^the cost. 

To—dafeorate— the-~k^^^ 
4nveTTti^^ 

emhodime n t mate hed Ladt bjaonre sp ondin g-drawi ngs . 

15 fifs^showTHfi Fig. 2A^ig a plastic substrate 100, the material of which 

can be cellulose, di acetate, triacetate, cellulose acetate butyrate, polyester, 
polyamide, polyimide, polyether sulfone, polysulfone, polypropylene, 
polymethylpentene, polyvinyl chloride, polyvinyl acetal, polyether ketone, 
methyl polymethacrylate, polymethymethacrylate (PMMA), polycarbonate, 

20 and polyurethane. Wla^em,/uie better material is cellulose triacetate (TAC) 
and^VEfo^ TAC orPETxis a familiar substrate 

materialyjin commerce, for example Fuji and Konica etc. all provide such 
kinds-ef^substrate. 

The. h 

N^et~is-^ ing4Q --Bta^4l^dcey point of the present inventiorivto form a 

25 conductive layer 200 omplastic substrate 100. The conductive layer 200 is a 

double-layer structure including: a thin film layer of resin A A ee ntaincd 

conductive particles to provide better conductivity, and a thin film layer of 

resin B that is relatively harder and can be a hard coat layer. The formation 

of this conductive layer 200 ^eatt-be- divided into two steps: depositing or 

30 coating conductive particles 200, and resin A on substrate^ t00;/ihen forming 

tiny particles 230 and resin B onto the foregoing. The detail embodiment 

steps are described below. As shown in Fig. 2B, firstly, the conductive 

. particles -^20— arc mixed — m+e — resin A, which is mainly composed of 

1-Butanol, Ethanol, Ethyl acetate (EAC), Hexane, isopropanol (IPA) 80%, 

35 and partial acrylic resin; the solid content of reoin A - ia -5 ^25%? The weight 

• A 5 ^ 



percentage of conductive particles 200 to resin A is^among~5— 30%, and the 

conduawe^rticles 200 have two sizes: tSe^bigger grain size (the diameter 

is Aabe N ut--0r§-Wf:mT)- and tttB/fsmaller grain size (the diameter is ab^trt 
Gs^liT^^ particles oft bigger grain size accounts 

5 for 0t5— 10%-m the conductive particles 200 and the conductive particles of 
smaller grain size account for £ 0^99.5 %-. The conductive particles 200 can 
be composed of antimony tin oxide (ATO) or indium-tin oxide (ITO). The 
resin A that contains at least two kinds conductive particles 220 of different 
grain size is coated on the substrate 100 to form a 5[xm thin film by wet 

10 coating method; wherein the method of wet coating can be spin coating, roll 
coating, gravure coating, bar coating, and slot die coating etc. As shown in 
Fig. 2B, the resin A of the embodiment in the present invention will become 
thinner after the solidification steps of hot bake and ultraviolet light curing, 
and thus will not cover all the conductive particles. Relatively, the thickness 

15 of resin A after the solidification processing is merely- larger than the 
conductive particles of smaller grain size but less than the conductive 
particles of bigger grain size, making all the bigger grain size conductive 
particles jprefrtidi-ftg at least some portions 4e— the^ exterior of the,\ upper 
surface of the solidified resin A layer (as shown in Fig. 2B). The conductive 

20 particles 220 composed of ATO (or TTO) are used ter-be A the conductive 
elements of conductive layer in the traditional structure. In addition to 
adding ATO (or ITO) particles of the original grain size^^ahouLQ.^ 
like traditional fabrication process, the present invention ev^fi adds some 
extra ATO (or ITO) particles of bigger grain sizex(-abeirt-0r5^^m^. Under- 

25 the - pr cmi se-ksepm-g^ th e original conductivity, the present invention uses the 
ATO particles of bigger grain size to fill and bridge vertically between resin 

^ cohere i r\ h<x s 

A and resin B, making^ the resin B sti ll hav e the anti-static function without 
adding any conductive particles. This method can prevent the drawback in 
the prior art that extra conductive metal particles need to be added into hard 
30 coating layer to avoid the charge accumulation, and can reduce the difficulty 
of fabrication process and cost. I# . r - , i 

durttva process resf* & 15 S^bd»>*e^ / antf 

Further, Athe thermal curing/1 of-sel+difk^tjoi^^ 

y "fV^- fits £vaParaA*«\ Gyfi'^ 

evaporate-#fe most p eme^/ioffalcohol in/resin A-truthe hot bake step so as to 
fasten resin^A: The temperature of hot bake isypffitH*g-SO~ 9§Hg, and the hot 
35 bake time is about/fO^^rofi. The temperature of the hot bake depends on 
wfea^k-inds-o-f^seWem-i-s u sed i n r esin A, and n eeds t o b e lower t han the 
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boiling point of the solvent. In this embodiment, the solvent can be 

isopropanol, so the temperature, of/jhot bake is about 60°C. Next, ultraviolet 

light is used to make the polymer in resin A proceedApolymerization of 

of ultraviolet 

resin A after 
solidified is about-O^-- 2pmr s.S/kta 2/^^ . 

Further, vt— 3-wt°/? silicon oxide (silica) tiny particles 230, in nano level, 
are added into resin B and^irred by^ homogenizer; the grain size of silica 




ArVW particles 230 is/a-mong-Orl^bOiiffL The solid content of/resin B is 
10 / ^-45~5^% T ancf its major content is .acrylic resin; after the solidification 
process, resin B can^ g^t-better hardness and thus be used as a hard coating 
layer. The silica tiny particles 230 will cluster upward in the process of 
solidification and -^f /resin B coating b ecause of t heir b uoyancy. So when 
incident light is entering, the tiny particles, which are in the surface of the 
15 most outer layer (resin B layer), can scatter the incident light to irregular 
directions and attain the anti-glare effect. The resin B ^contained tiny 
particles 230 is formed ontaresin A by wet coating method, and f&fafl 

• " firm -vPiTm^^F^U,, *- fl 

gaps between conductive particles 220 to/jp erform an abou t lOuxri thin frtmj-frl™. 
e tiny particles 230 will float in the surface neighborhood ofy resin B 
20 because of their buoyancy to exert the anti-glare function. Wherein, the wet 

* 

coating method can be the same as or different to the coating method of 

resin A. Next step is solidification. ^ — 

a resin B to fasten, resin B bvthot 

j amnng-5£Mi5^& and the process time is^0r5— Sfflmr Then ultraviolet light is 
25 used to make the polymer in resin B proceedApolymerization ofycross-link so 
„ as to strengthen die structure; wherein, the intensity of ultraviolet l ight i s 
^mehg-4^0~-l^00~^ and the thickness of resin B after solidified is 

-about^~5 prmr 4-/*-^ ^ 5 /k.pa . 

Thus the conductive layer 200 of such formation will^has the function 
30 of^hard coating protection, anti-static, and anti-glare etc., and the conductive 
particles 220 make conductive layer 200, whether$resin A film or^resin B 
film, possess the static electricity removing function. The hardness of resin 
B is high enough to protect conductive layer 200 and substrate 1 00, and can 
provide the effect of hard coating layer in tradition^fabrication. Moreover, 
35 ^/The present invention can be applied to the surface^ optic film of flat panel 




displays (such as LCD, PDA, PDP, NOTE-PC, CRT etc.). The anti-glare and 
anti-static functions of this optic film can satisfy the requirement of LCD 
panel manufacturers who demand the anti-static raw material, and can 
reduce the dust absorbing in flat panel displays to increase the comfort of 
5 users. 

In summary, the present invention is to add at least two kinds 
conductive particles of different grain size intoj resin A. Wherein the grain 
size of the bigger conductive particles is not only larger than the thickness of 
A resin A after solidified but even also equal to or larger than the total 

10 thickness of resin A and resin B after solidified. At least the/iwp^rms^of 
parfralyibigger conductive parti cles^ean^teueh-te-^^^OKe-^m the exterior of 
the upper surface of/ resin B, contacting the external environment. So the 
resin B used^o-be-a hard coating layer will not need to add conductive mptal 
particles, but sti44-ean-H : afft€>ve the charges in^ resin A filrry^to the external 

15 environment, avoiding charge accumulating, ir^resin B and attaining the 
an ti -static function. Therefore, compared with the prior arts (such as US 
patent 6,146,753), which ^§e<i-4e--add conductive particles in hard coating 
layer and thus result in the increasing of cost and the difficulty of fabrication, 
the present invention can simplify the fabrication process and reduce the 

20 cost. 

However, the above description is only the preferable embodiment of 
the invention and cannot be used as a limitation for the scope of 
implementation of the invention. Any variation and modification made 
from the scopes claimed from the invention all should be included within the 
25 scope of the present/* im^nt-ien-5 — and^-hope ^ your esteemed j^ yjewiag— 
„ com mittee^m em ber-~exfti¥i i n c this -applieai ion fav efably-^n4-p eiTnit it a s-& 
p atentn?mb&illy^ 
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